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PERISTALTIC PUMP 

This application claims the bene?t of US. Provisional 
Application No. 60/025,644, ?led Sep. 10, 1996. 

FIELD OF THE INVENTION 

This invention relates to a peristaltic pump, and more 
particularly to a precision industrial peristaltic pump for 
reliably metering small quantities of ?uid through a plurality 
of ?exible tubes over extended periods of operation. 

BACKGROUND OF THE INVENTION 

Peristaltic pumps have been Widely used for medical and 
research applications Where constant metering of ?uids at 
relatively loW ?oW rates is desired. The conventional peri 
staltic pump provides a circular array of rollers driven in a 
planetary motion against one or more ?exible tubes to effect 
peristaltic pumping. In pumps Which utiliZe an array of 
peristaltic tubes, special care must be taken to assure that all 
tubes deliver ?uid at the same rate if this is desired. The rate 
of delivery is a function not only of the rate at Which the 
rollers move along the tube, but also the inside and outside 
diameters of the tube, the compression characteristics, the 
force With Which the roller compresses the tube and the 
tension of the tube Within the pump. All these variables must 
be carefully and precisely controlled to assure consistent and 
uniform metering rates Within and betWeen the delivery 
tubes. 

It is accordingly an object of the present invention to 
provide an improved peristaltic pump for the precision dose 
metering of ?uids through a plurality of ?exible ?oW lines. 
It is a further object of this invention to provide a precision 
peristaltic pump for industrial applications. It is a yet further 
object of this invention to provide a peristaltic pump in 
Which a plurality of ?exible ?oW lines may be conveniently 
installed, removed and exchanged in a uniform, consistent 
manner. These and other objects Will be apparent to those 
skilled in the art in vieW of the folloWing draWings and 
detailed description of the invention. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
peristaltic metering pump Which comprises a set of elon 
gated tube rollers and a plurality of ?exible liquid transfer 
tubes, the tubes being disposed betWeen the tube rollers and 
an arcuate backing plate against Which they are simulta 
neously compressed by at least one and preferably three 
rollers. The tube rollers are equally spaced and circumfer 
entially disposed about a central axis and mounted in roller 
supports rotatable about said central axis Whereby said 
rollers are caused to orbit around the central axis. The roller 
supports are secured to a driven shaft Which is supported by 
stationary end plates and has one end connected to a drive 
motor through coupling means. Each tube roller has at least 
one end in contact With a stationary outer race in at least one 
end plate Which causes each tube roller to rotate about its 
oWn axis While orbiting the central axis. The rotation thereby 
imparted to each tube roller causes the roller to traverse the 
tubes in a positive manner Without slippage or frictional drag 
on the tubes. In a preferred embodiment, the stationary outer 
race is a ring gear incorporated in the end plate proximal to 
the drive motor, and each tube has a mating gear engaging 
the ring gear to provide positive tube drive. 

Disposed over the drive shaft on the central axis is a 
support roller having an outer diameter suf?cient to place the 
support roller in positive surface contact With each tube 
roller as it orbits around the central axis. Preferably, a single 
support roller extends the full length of the tube rollers 
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2 
although tWo or more shorter support rollers may be used. 
The support roller or rollers provide lateral support to the 
tube rollers, preventing de?ection of the tube rollers under 
the radial forces exerted against the rollers by the ?exible 
tubes being compressed against the arcuate backing plate. In 
this manner, variations in compressive forces exerted against 
the ?exible tubes over the length of the tube rollers and 
consequent variations in ?uid delivery rate are eliminated or 
minimiZed. 
The arcuate backing plate is secured at each end to the 

stationary end plates by pin means Which permit the front of 
the backing plate to pivot aWay from the pump body in order 
to access the ?exible tubes and tube rollers. The ?exible 
tubes extend over the tube rollers and are secured in tube 
clamping means on the front and rear of the pump body. The 
?exible tubes are arranged in parallel With all the tubes under 
substantially the same tension to avoid any variations in tube 
diameter or compression With consequent variations in ?uid 
delivery rate. 
The ?exible tubes are premounted in the tube clamping 

means using a mounting jig Which permits each tube to be 
secured While in an extended but relaxed state. The spacing 
betWeen the clamping means on the jig is preferably one 
percent to ?ve percent less than the distance betWeen the 
clamp mounting means on the pump body, Whereby each 
tube is uniformly extended from one to ?ve percent When 
mounted on the pump. This method of mounting the ?exible 
tubes assures uniform tension and contributes to the uniform 
?uid delivery rates obtained With the pump of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front perspective vieW shoWing a pump of the 
present invention in operative association With a driving 
motor, With the backing plate of the pump elevated for 
clarity of illustration. 

FIG. 2 is a transverse sectional vieW of the pump body 
taken generally along line 2—2 of FIG. 1. 

FIG. 3 is a longitudinal sectional vieW of the pump body 
taken generally along line 3—3 of FIG. 2. 

FIG. 4 is a transverse sectional vieW of the pump body 
taken generally along line 4—4 of FIG. 3. 

FIG. 5 is a front perspective vieW shoWing the tube 
mounting jig for use With the pump of the present invention. 

FIG. 6 is an enlarged partial vieW of the tube clamping 
means of FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to FIG. 1, there is illustrated in front 
perspective vieW a peristaltic pump indicated generally at 10 
mounted on base plate 40 in association With drive motor 11 
and With a plurality of ?exible tubes 12 mounted on the 
pump and extending from front tube clamping means 13 
over a plurality of driven tube rollers 14 to rear tube 
clamping means (not shoWn). Tube clamping means 13 is 
secured to the front of the pump assembly by brackets 15 
mounted on end plates 19 and 20. A corresponding tube 
clamping means is secured to the rear of the pump assembly 
by brackets mounted on end plates 19 and 20, one of Which 
is partially visible in FIG. 1 as 26. Tube rollers 14 are 
rotatably mounted in roller supports 16 and 17 and each 
roller support is ?xed to and rotated on a central drive shaft 
about longitudinal axis A—A‘ of the pump assembly. Cen 
trally disposed along axis A—A‘ Within the con?nes of the 
tube rollers is support roller 18 Which is in positive surface 
contact With tube rollers 14 and provides lateral support 
along the length of the tube rollers to prevent radial de?ec 
tion of the tube rollers betWeen the roller supports at each 
end. 
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Arcuate backing plate indicated generally at 21 is shown 
in FIG. 1 in a detached raised position for clarity of 
illustration. Backing plate 21 is pivotally mounted to end 
plates 19 and 20 by means of pins 22 and 23 Which engage 
pivot holes near the rear edge of the backing plate, one of 
Which is visible in FIG. 1 as 24. The backing plate is 
pivotally mounted to the pump assembly to provide access 
to the tube rollers When mounting or removing the ?exible 
tubes, and to permit the compressive forces against the tubes 
to be released When the pump is not in operation. During 
operation, the backing plate is securely clamped in position 
by means of sWing clamps 25 mounted on end plates 19 and 
20, and corresponding engaging hooks 27 mounted on the 
front edge of the backing plate. Flexible tubes 12 Which 
overly tube rollers 14 are compressed by the tube rollers 
against arcuate surface 28 of the backing plate as Will be 
more readily apparent in FIG. 2. 

FIG. 2 is a transverse sectional vieW of the pump assem 
bly taken along line 2—2 of FIG. 1 With the backing plate 
locked in position for operation. Tube rollers 14 mounted in 
roller support 16 rotate in a counterclockWise direction 
around central drive shaft 29. Each tube roller is rotatably 
supported in roller support 16 by bearing means 30 Which 
permit each tube roller 14 to rotate freely bout its oWn axis 
in a clockWise direction as the roller assembly rotates 
counterclockWise. Disposed betWeen and in positive surface 
contact With tube rollers 14 is support roller 18 Which is 
rotatably mounted on central drive shaft 29 through bearing 
means 31 Which alloW support roller 18 to rotate freely in a 
counterclockWise direction as driven by contact With tube 
rollers 14 as the roller assembly rotates about the central 
axis. Flexible tubing 12 is secured on either side of the pump 
assembly by clamping means 13A and 13B Which are 
described beloW in greater detail. 
As illustrated in FIG. 2, ?exible tubing 12 is compressed 

by rollers 14 against arcuate surface 28 of backing plate 21. 
The length of arcuate surface 28 is such that tube 12 is 
compressed by at least one and preferably by at least tWo 
tube rollers at all times. The arcuate surface 28 of the 
backing plate is spaced from the surface of tube rollers 14 by 
a distance Which alloWs the tube rollers to compress and 
securely close the lumen of ?exible tube 12 Without unduly 
crushing the tube. In one example, in a pump assembly 
utiliZing ?exible tubes having a Wall thickness of about 
0.035 inches, the arcuate surface of the backing plate is 
spaced about 0.050 inches from the surface of the tube 
rollers, Whereby the ?exible tube is compressed about 0.020 
inches beyond tWice the Wall thickness and incipient clo 
sure. 

Referring noW to FIG. 3, there is illustrated a partial 
longitudinal section vieW taken generally along line 3—3 of 
FIG. 2 shoWing further details of the pump assembly. 
Central drive shaft 29 is supported in end plates 19 and 20 
by bearings 32 enclosed in the bearing housing by cover 
plates 33 and 34. Support roller 18 is rotatably mounted on 
central shaft 29 through bearing means 31 located near the 
ends of the support rollers. If more than one support roller 
is used, each roller is supported by at least a pair of bearings. 
If a single support roller is used in a particularly Wide pump 
assembly, internal bearings may be used to provide addi 
tional support. The tube roller bearings 30 and support roller 
bearings 31 are preferably needle bearings, While bearings 
32 for the central drive shaft are preferably ball or roller 
bearings. As illustrated in FIG. 3, plastic spacer rings 37 are 
provided at each end of the idler roller. 

The support roller must be precisely machined for con 
centricity about the central drive shaft to assure smooth 
operation and constant, uniform contact With the tube roll 
ers. The diameter of the support roller must be suf?cient to 
assure ?rm contact With the tube rollers to assure that the 
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4 
support roller rotates consistently With the tube rollers. If 
contact betWeen the support roller and the tube rollers is too 
light, slippage may occur, While if the contact is unduly ?rm, 
excessive Wear of the bearings and roller surfaces Will be 
evident. While optimum dimensions Will vary according to 
machine tolerances and craftsmanship, an interference ?t 
betWeen the support roll and tube rollers of betWeen about 
0.003 inches and 0.004 inches has been employed With good 
results. In addition, the surfaces of the support roller and 
tube rollers are preferably hardened by plating or heat 
treating to minimiZe Wear inherent in metal-to-metal rolling 
contact. 

Roller supports 16 and 17 are ?xedly secured to central 
drive shaft 29 and rotate With it. Tube rollers 14 are rotatably 
supported in roller supports 16 and 17 by bearing means 30. 
End plate 19 is channeled to receive the proximal ends of 
tube rollers 14 extending through roller support 16, and is 
provided With ring gear 35 Which engages mating gear teeth 
36 on the end of each tube roller 14, thereby providing each 
tube roller With a positive rotational drive as roller supports 
16 and 17 rotate With drive shaft 29 about central axis A—A‘. 
The spacial relationship of the tube rollers and the ring 

gear is more readily apparent from FIG. 4 Which is a 
transverse cross-sectional vieW through end plate 19 gener 
ally along lines 4—4 of FIG. 3 shoWing the geared ends of 
tube rollers 14. The counterclockWise direction of rotation of 
central drive shaft 29 and roller support 16, Which rotate as 
a single unit, and the resulting clockWise direction of rota 
tion of the tube rollers 14 are indicated by the respective 
arroWs. 

FIG. 5 illustrates the tube mounting jig Which alloWs a 
plurality of tubes to be mounted on the pump of the present 
invention under uniform tension to assure uniform tube-to 
tube delivery. The jig consists of base 50 provided With 
brackets 51 and 52 for securing tube clamping base plates 53 
and 54. Each base plate is provided With a plurality of 
grooved channels 55 siZed to receive ?exible tubes 12. The 
distance betWeen base plates 53 and 54 is adjustable by 
positioning brackets 52 closer or farther from brackets 51. 
The position of brackets 52 determines the degree of stretch 
and amount of tension Which Will be imparted to the ?exible 
tubes When the tubes are mounted on the pump. Normally 
the brackets are positioned to provide a stretch of from about 
one to ?ve percent When the tubes are mounted on the pump 
in order to impart some positive tension to the tubes Without 
substantial reduction in diameter. 

In mounting the ?exible tubes to the tube clamping 
means, a plurality of tubes are positioned Within channels 55 
on one section of base plate 53 and a cover plate 56 as 
secured to the base plate by means of screWs 57 to enclose 
the positioned ?exible tubes. The ?exible tubes are usually 
secured in groups of three to six corresponding to the 
number of channels included under each cover plate and the 
desired number of tubes. The full complement of ?exible 
tubes is preferably secured to base plate 53 by beginning at 
one end and progressing across the Width of the base plate, 
taking care to assure that each tube lies straight Within the 
channel of the base plate and under the cover plate. Once all 
the tubes are secured to base plate 53, they are extended 
across the mounting jig and secured to base plate 54 fol 
loWing the same procedure as used for base plate 53, taking 
care to assure that the tubes are straight but are not under any 
substantial tension. Once all the tubes have been securely 
clamped to base plates 53 and 54, the base plates are 
removed from the jig and installed on the pump using 
brackets 15 and 26 as previously described. 

FIG. 6 is a partial enlarged vieW of a tube mounting 
bracket to more clearly shoW the channel con?guration. 
Each channel 55 is siZed to receive a speci?c siZe of ?exible 
tube and is provided With a roughened or grooved surface to 
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more securely grip the tube Without signi?cant compression 
of the tube. The channels 55 lie primarily in base plate 53. 
The channels may be readily formed by drilling a plurality 
of holes in the base plate, machining one surface to expose 
the holes and form a plurality of open channels, attaching the 
cover plates 56 and tapping the holes to cut a series of 
threads in the channels and on the surface of the cover plates 
to provide tube gripping surfaces. 
Due to the unique construction of the pump body in 

accordance With the present invention Which provides an 
interior, free Wheeling support roller in association With a 
plurality of circumferentially disposed, positively driven 
tube rollers, the construction of the pump assembly may be 
exceptionally Wide, i.e., from about 15 to 25 inches or more, 
and can accommodate from about 40 to 80 or more ?exible 
tubes While still providing reliable operation With constant 
and uniform pumping rates for all tubes. 

While the preceding description has been directed to a 
speci?c preferred embodiment of the peristaltic pump of the 
present invention, many variations in materials and designs 
Will be apparent to those skilled in the art and are included 
Within the novel concepts of the present invention. The 
invention is accordingly not to be limited by the speci?c 
details described above. 

That Which is claimed is: 
1. A peristaltic pump comprising a plurality of elongated 

tube rollers equally spaced and circumferentially disposed 
around and in surface contact With a central support roller, 
said support roller being rotatable about a central axis; 

?rst and second tube roller supports rotatable about said 
central axis and having a plurality of bearing means for 
rotatably receiving each end of said elongated tube 
rollers; 

drive means for rotating said ?rst and second roller 
supports about said central axis Whereby said tube 
rollers are caused to orbit said central support roller; 

an arcuate backing plate spaced from said tube rollers a 
predetermined distance in order to close a compressible 
?uid delivery tube disposed betWeen said tube rollers 
and said backing plate; 

drive means for rotating each elongated tube roller about 
its oWn axis as said roller supports are rotated about the 
central axis Whereby said tube rollers are caused to roll 
along said compressible ?uid delivery tube disposed 
betWeen said tube roller and said backing plate, and 

stationary end plates supporting a central drive shaft 
rotatable about said central axis. 

2. A pump of claim 1 Wherein said drive means for 
rotating each elongated tube roller about its oWn axis 
comprises a circumferential channel having inner and outer 
Walls in a stationary end plate, one end of each tube roller 
extending through the roller support into said channel With 
the surface of the tube roller engaging the outer Wall of the 
channel. 

3. A pump of claim 2 Wherein said outer Wall of the 
channel is a ring gear and the end of each tube roller includes 
gear teeth for engaging said ring gear. 

4. A pump of claim 1 including from tWo to six tube 
rollers. 
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5. A pump of claim 1 Wherein said support roller is 

rotatably mounted on said drive shaft betWeen said end 
plates. 

6. Apump of claim 1 including a plurality of compressible 
?uid delivery tubes overlying said tube rollers betWeen said 
tube rollers and said arcuate backing plate, said ?uid deliv 
ery tubes being suf?ciently compressed by said driven 
rollers to effectively close the inner lumen of said tubes. 

7. Apump of claim 6 Wherein said arcuate backing plate 
is spaced from the surface of said driven rollers by a distance 
equal to or less than tWice the Wall thickness of said 
compressible tubes. 

8. Apump of claim 6 Wherein said arcuate backing plate 
is spaced from the surface of said driven rollers by a distance 
of from about 1.4 to about tWice the Wall thickness of said 
compressible tubes. 

9. A pump of claim 6 including tube clamping means for 
securing said plurality of compressible ?uid delivery tubes 
on either side of said tube rollers and said backing plate. 

10. A pump of claim 9 Wherein said compressible ?uid 
delivery tubes are maintained under tension betWeen said 
tube clamping means. 

11. A pump of claim 10 Wherein said tension is obtained 
by stretching said compressible ?uid delivery tubes from 
about 1 to 5 percent beyond their relaxed state. 

12. A pump of claim 10 Wherein said tube clamping 
means comprise a base plate and a cover plate, said base 
plate having a plurality of individual channels siZed to 
receive said compressible ?uid delivery tubes, said channels 
and said cover plate including a roughened surface for 
securely gripping said ?exible tubes. 

13. A pump of claim 12 Wherein said roughened surface 
comprises radial grooves. 

14. A method of simultaneously pumping ?uids through a 
plurality of compressible ?uid delivery tubes comprising the 
steps of: 

mounting a plurality of ?uid delivery tubes betWeen an 
arcuate backing plate and a plurality of elongated tube 
rollers spaced from said backing plate a distance suf 
?cient to close the lumen of each of said ?uid delivery 
tubes in the area of contact With a respective one of said 
tube rollers, Wherein the tube rollers are circumferen 
tially disposed about a central axis and rotatable about 
said central axis, Wherein each tube roller has at least 
one end With gear teeth circumferentially disposed 
therearound that matingly engage gear teeth of a sta 
tionary ring gear; 

rotating said plurality of tube rollers in one direction 
about the central axis and along the length of said ?uid 
delivery tubes adjacent said arcuate backing plate such 
that said stationary ring gear provides each tube roller 
With positive rotational drive that causes each indi 
vidual tube roller to rotate in the opposite direction to 
said direction of rotation, Whereby said tube rollers roll 
along the length of the ?uid delivery tube independent 
of any frictional contact thereWith; and 

providing a central support roller in contact With the 
longitudinal surface of each tube roller to prevent radial 
de?ection of said tube rollers under the compressive 
forces of said ?uid delivery tubes. 

* * * * * 


